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ABSTRACT 
Solid buildings and the void space constitute a classic figure-ground relationship of city mapping. 
Compared with buildings, the void has been limited in academic discussion. There is a particular 
lack of morphological measurements on ambiguous continuity of void within block boundaries. The 
aim of this paper is to propose a methodological framework for modeling the void between block 
buildings. Morphological tessellation is conducted in order to define the void space into pieces of 
segment representatives. Proximity Ellipse is further introduced to help describe the many aspects 
of the morphology of each void space. Two campus superblocks are selected as comparable 
cases, which are Southeast University in China, and University of Pennsylvania in U.S., in order to 
test our proposed method. We have quantitatively investigated the number, coverage, width, 
extended length, size, and spatial proportion of the void in each campus.  
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INTRODUCTION 
Figure-ground plan is one of the most common ways for city mapping, which shows the footprints of 
buildings and patterns of unbuilt voids in urban space (Hebbert, 2016). The relationship between 
the solid mass of buildings and the open voids of the unbuilt has been kept discussed as a classic 
perspective for designing the city (Rossi & Eisenman, 1982). Nevertheless, compared with the solid 
buildings, comprehensive analysis on the void space is relevantly scant. 
In recent years, the importance of the void space has been gradually emphasized. Osmond (2010) 
proposes a framework of urban structural unit, which particularly pays attention to the hierarchy of 
open space. Through interpreting the work of Caniggia and Maffei (2001), Kropf (2018) specifies 
the distinction between the building and the pertinent area, a courtyard or garden. Further, he uses 
the term of areas to represent the void between buildings. Some types of void space, which have 
special identities like squares, parks, and gardens, are sometimes selected as spatial units in 
morphological discussion (Chiesura, 2004). Nevertheless, the touch on the universal void space is 
limited. 
This paper aims to propose a methodological framework for modeling the void between buildings 
inside the block. With a series of conceptual deduction and assumptions, we intend to quantitatively 
define the void between buildings piece by piece. A series of morphological indicators including 
width, extended length, size, and spatial proportion, are calculated to describe the morphology of 
each void space. Two campus superblocks are selected to test our proposed method.  
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STUDY AREA AND DATA RESOURCE 
In this study, two campus superblocks are selected as the study area. One is the campus superblock 
of Southeast University (SEU) in China, while another is the campus superblock of University of 
Pennsylvania (UPENN) in U.S. (Figure 1).  
A GIS dataset is used in this study (September 2019). The original data is downloaded from OSM 
(https://www.openstreetmap.org/). Footprints of buildings constitute the basic layer in our dataset, 
which is available in most geodata (Schirmer and Auhausen, 2016).  
Figure 1: Layout of the building footprints inside campus superblocks of SEU and PENN (The campus superblock of SEU is 
defined by Beijing East Street, Chengxian Street, Xuefu Street and Jinxiang River Street, with an area of 24.42 ha; the 
campus superblock of UPENN is defined by Walnut Street, 34th Street, Spruce Street and 33th Street, with an area of 
24.86 ha) 
DEFINING THE VOID BETWEEN BUILDINGS 
Classic geometric partitioning method Voronoi tessellation is introduced (Watson, 1981). It divides 
a plan into a series of polygons based on original centroids, where each polygon encloses the 
area closer to the corresponding centroid than to others. In this paper, an open source toolkit 
called “momepy” is used to realize the partitioning inside block space (Fleischmann, 2019). The 
toolkit “momepy” shows flexibility in morphological tessellation for buildings (Figure 2 (a)). First, 
data of building outlines is input into “momepy” after merging which excludes details inside the 
same building. Then, the generated polygons are cut out to fit the block boundary of each 
superblock (Figure 2 (b)). Finally, all line segments as representatives of the void space could be 
extracted easily by identifying the neighboring junction points on the network (Figure 2 (c)). 
Through the above steps, the continuity of the void inside the block is defined into pieces of line 
segments. We have coded each building or virtual plot with a certain number. As a result, each 
void space is thus labeled with the code of the two adjacent buildings that define it. 
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Figure 2: Diagram of the process of defining the void: a) morphological tessellation using the open source toolkit of 
momepy; b) the generated polygons are cut out to fit block boundary (each building as well as virtual plot is labeled with a 
figure as coding); c) segments as representatives of the void are identified by neighboring junctions 
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TWO BASIC MORPHOLOGICAL INDICATORS AND THE “PROXIMITY ELLIPSE”   
After identifying the line segment as the representative of each void, the next step is to recognize 
morphological indicators that describe each void. In this study, two basic morphological indicators 
are introduced, namely the width (𝑊) and the extended length (𝐸). 
Since each void is defined as the in-between space of the two adjacent buildings, the width may 
become the most fundamental feature for describing its morphology. Here, we define it as the 
buffering distance when the segment representative first hits the building outlines at both sides 
(Figure 3(a) to (c)). 
Besides width, another morphological indicator involved is the extended length. The procedure for 
obtaining the value of the extended length is as follows: first, we capture the middle point of the 
segment as circle center; then, concentric circles of different radii are tested until the circle hit a new 
building other than the two that define it for the first time; finally, the corresponding length of the 
diameter is recorded as the value of the extended length (Figure 3 (d)). 
Figure 3: Process of the realization of the two morphological indicators: a) defining the segment as representatives of the 
void; b) for a given void, distinguishing the two adjacent buildings that define itself and other buildings; c) realization of 
width; d) realization of extended length; e) the Proximity Ellipse, presenting the general shape of the given void. 
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The width and the extended length are introduced as the basic features for describing the form of 
the void between buildings. While the width could represent the distance of perpendicular direction 
of the segment, the extended length may act as the parameter which represents the distance of the 
direction along the segment. Combining these two indicators, we could further introduce the 
“Proximity Ellipse” model for each void (Figure 3 (e)). Here, the values of extended length and 
width serve as the values of real and imaginary axes of the Proximity Ellipse respectively. The 
“Proximity Ellipse” not only approximates the shape of each void for visualization, but also helps 
to develop other morphological indicators which are discussed in the next section. 
Through modeling process, the void space inside two campus superblocks has been defined and 
calculated. In this section, we compare the results in aspects of number, coverage, width, extended 
length, size, and spatial proportion of the void in each campus superblock. 
(1) NUMBER AND COVERAGE 
In general, SEU superblock shows a total of 215 pieces of void defined by 84 buildings, while 
UPENN superblock has 96 pieces inside defined by 37 buildings. Obviously, the number of void 
pieces in SEU is much more significant. In terms of coverage, the overall void space in SEU 
superblock reaches 17.74 ha, making up to 72.6% of the campus. In contrast, the ground of void 
in Penn superblock is 15.05 ha, which accounts for 60.5 % of the whole area. 
Differences in the number and coverage of the voids between two campuses, is caused by the 
difference of the buildings. It is shown in the figure-ground plan that buildings in Penn superblock 
are much bigger. Statistical results show the average building footprint in SEU superblock is 794.8 
m2 while that of Penn reaches up to 2650.3 m2. There are buildings that have large footprints in 
SEU, such as the Auditorium, the Ancient Library, the Yifu Architectural Building. Nevertheless, 
there are also many small-volume buildings in SEU, serving as auxiliary buildings such as security 
office at each gate of the campus, equipment buildings of electricity. The existence of these small-
volume auxiliary buildings in turn lead to quite a lot of tortuous space of void between buildings. 
(2) WIDTH AND EXTENDED LENGTH 
As the two basic morphological indicators for each void, both the value of width and extended 
length could be obtained through the proposed modeling process. We could make comparison 
between the two campuses through the numerical distribution (Figure 4) as well as their spatial 
layout (Figure 5). 
Nearly half of the void pieces in SEU are less than 10 m in width. In contrast, there are only 15 
pieces of the void with width less than 10 m in UPENN, accounting for 15.6% of the total. More 
than 70% of the void in UPENN has a width between 10 m to 40 m. Obviously, the width of void 
pieces in UPENN is much larger. Statistical results show the average width of the void in UPENN is 
26.8 m while the corresponding value in SEU is 19.4 m. The maximum width of the void in SEU 
and UPENN remains to be very similar, 119.1m and 119.2 m respectively. 
The void space in UPENN is also much longer than that of SEU. The average extended length in 
UPENN is 71.8 m, which is 22.2 m longer than that of SEU. 68 pieces of void in SEU have an 
extended length less than 30 m, while the percentage of those in UPENN is under 4%. 40 m to 60 
m, acts as the most widely distributed range of the void for both campuses, accounting for 29.3% 
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and 27.1% respectively. Nevertheless, the maximum extended length in UPENN is 199.2 m, which 
is 41.3 m longer than that of SEU. 
Figure 4: Matrix of the void according to value of width (X axis), value of extended length (Y axis), different campus 
superblocks (color). The text used to name each void is according to the corresponding coding numbers of its two 
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Figure 5: Layout of the two morphological indicators for each void in SEU and UPENN: a) the value of width; b) the value 
of extended length 
(3) SIZE AND SPATIAL PROPORTION 
As the Proximity Ellipse is introduced for representing the general shape of the given void, two 
other vital parameters are further examined for describing the void based on width and extended 
length. One is the size (𝑆), and another is the spatial proportion (𝑃). 
𝑆 = 𝜋(𝑊 · 𝐸)/4																																	(1)	
𝑃 = 𝑊/𝐸                                    (2) 
The size is calculated as the geometric area of the Proximity Ellipse, representing the approximate 
magnitude of the given void. The value of 𝑆, according to formulae (1), is proportional to that of 𝑊 
times 𝐸. We examine the numerical distribution of 𝑊 times 𝐸, based on which the magnitude of the 
void is divided into four categories: Tiny, Medium, Large, and Giant (See supplemental Appendix 
Figure S1). 
On the other side, the spatial proportion is calculated as the width to extended length ratio, 
representing the proportional plane relationship of each void. Such way of calculation determines 
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the value of 𝑃 is between 0.0 to 1.0. The closer the value of 𝑃 is to 0.0, the narrower and longer 
the void space is. On the contrary, the closer the value of P is to 1.0, the more square the void is. 
We insert 0.2, 0.4, 0.6, and 0.8 as supplemental thresholds in between the extreme values at both 
ends, dividing the whole objects into five categories. Figure 6 comprehensively shows the matrix 
division based on both size and spatial proportion. 
The layout of size and spatial proportion for each void in two campus superblocks is shown in 
Figure 7. In general, the space of void seems to be more square as the size increases. For 
example, Tiny space of void tends to show a small value of 𝑃, while there are no Giant pieces of  
 
Figure 6: Matrix of the void based on size and spatial proportion. Magnitude of size is divided in four categories by three 
curves: the region in the upper right corner of W*E=10000, is defined as Giant; the region in between W*E=3600 and 
W*E=10000, is defined as Large; the region in between  
W*E=400 and W*E=3600, is defined as Medium; the region in the lower left corner of W*E=400, is defined as Tiny. 
W/E=0.2, W/E=0.4, W/E=0.6, W/E=0.8, and W/E=1.0 are drawn as auxiliary lines to show category divisions on spatial 
proportion.  
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Figure 7: Layout of size and spatial proportion for each void: a) size; b) spatial proportion 
void showing the value of 𝑃 less than 0.6. The void space in SEU leads the range of 𝑃 at both 
ends, showing a polarization trend. Specifically, 83 pieces of the void in SEU are less than 0.2 in 
the value of 𝑃, which accounts for nearly 40 percent. Besides, in terms of the void space with the 
value of 𝑃 more than 0.8, SEU shows advantages in percentage compared with UPENN in all 
magnitude. About 65% of the void pieces in UPENN have a spatial proportion ranging between 
0.2 and 0.8. Conclusion and perspective 
CONCLUSIONS 
This paper proposes a framework for modeling the ambiguous continuity of void within block 
space. A series of modeling techniques are integrated along the process and proved successful and 
practical in the investigation of two real-world cases of campus superblocks. The void space inside 
the block could be combined into consideration with urban streets, in order to frame a more 
comprehensive measurement on city figure-ground plan.  
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